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Abstract. We extend a technique previously used to model surface displacements resulting from 
thrust faulting in an elastic-gravitational l yer over a viscoelastic-gravitational h f-space to the 
case of strike-slip faulting. The method involves the calculation of the Green's functions for a 
strike-slip point source contained in an elastic-gravitational layer over a viscoelastic-gravitational 
half-space. The correspondence principle of linear viscoelasticity is applied to introduce time 
dependence. The resulting Green' s functions are then integrated over the source region to obtain the 
near-field displacements. Several sample calculations are presented involving 90 ø and 30 ø dipping 
faults and ruptures completely and partially through the elastic layer. We also illustrate the time 
dependent deformation due to a buried fault. Results show that the use of a viscoelastic half-space 
underlying an elastic layer introduces a long wavelength component into the deformation field 
[Cohen and Kramer, 1984], even in cases of non vertical strike-slip fault and inclusion of 
gravitational effect, that cannot be modeled by purely elastic techniques. Calculations have shown 
that vertical postseismic displacement isinsignificant and that the horizontal movement is about he 
same magnitude as the coseismic strike-slip displacement. The inclusion of gravity affects the 
horizontal displacement due to vertical strike-slip faulting in far field and the vertical displacement 
for dipping strike-slip faulting in near-field. The computed results have been fit to the Global 
Positioning System measurements of the Landers earthquake taken shortly after the main shock, 
assuming a relaxation time of the order of days. This relaxation time is considerably shorter than 
times of the order of years to decades found in previous studies. The major differences between this 
detailed three-dimensional nd simplified two-dimensional model are the decay of magnitude in 
displacement field and the distinct displacement pattern in the regions beyond the fault tip. The 
displacement field due to the cyclic earthquakes was constructed by considering the finite fault 
length and inclusion of gravity. It is found that the displacement field is dominated by the plate 
motion in the case of short recurrence time. On the other hand, a "looping" and migrating pattern in 
the displacement field is found in the case of very long recurrence time, which is not seen in those 
2D simplified models. 
Introduction 
An important goal of modern crustal deformation studies is to 
understand the transient post event ground deformation 
sometimes seen following large earthquakes. Measurements of 
surface displacements reveal the presence of transient strain 
patterns in the crust after such events. Stress relaxation in a non 
elastic region situated below the surface lastic zone is believed to 
be one of the driving mechanisms of transient strain [Nut and 
Mavko, 1974]. A second possible xplanation is continued slip at 
depth on the fault [Fitch and Scholz, 1971]. The postseismic 
displacements can be explained by either of these two mechanisms 
using certain assumptions. By inverting the geodetic data and 
comparing the assumptions to the geology or seismicity 
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constraints, analytical models can be used to provide a means of 
distinguishing between these mechanisms. 
Elastic models involving dislocation sources in a homogeneous 
half-space [e.g., Chinnery, 1961] or in a layered half-space [e.g., 
Jovanovich et al., 1974] cannot explain transient deformations 
following an earthquake. Time dependence can be introduced by 
including viscoelastic relaxation or time dependent slip. Such 
models have been studied by Nut and Mavko [ 1974], Spence and 
Turcotte [1979], Savage and Prescott [1978], and Matsu'ura and 
Tanimoto [ 1980] among others. Rundle and Jackson [1977] used 
an analytic approximation of the Green's function to calculate 
displacements due to a strike-slip point source in an elastic layer 
over a viscoelastic half-space. Cohen and Kramer [ 1984], Li and 
Rice [1987], Lehner and Li [1982], and Spence and Turcotte 
[1979], used two-dimensional model with various approaches to 
study the displacement field or cyclic deformations due to infinite 
long vertical strike-slip faults. Yang and ToksOz [ 1981 ] studied the 
time dependent deformations due to finite vertical strike-slip 
faults with three-dimensional finite element method. They 
reported the significant effects in the region beyond the fault tip 
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which cannot be found in a simplified 2D model. Rundle [1978, 
1980] used the exact Green's functions for finite quasi-static 
sources in an elastic layer over a linear viscoelastic half-space to 
calculate the viscoelastic crustal deformation for a thrust fault. 
Hofion et al. [1995] studied the surface deformation due to dike 
emplacement by exact calculation of viscoelastic-gravitational 
Green's functions. Ma and Kusznir [1992, 1993, 1994] calculated 
displacements for a fully relaxed model by setting the elastic 
Lfirne parameters equal to their relaxed values. However, they 
neither calculated deformation during transient relaxation nor did 
they show the viscoelastic behavior. Pollitz [1992] modeled the 
effects of postseismic relaxation on a spherical symmetric Earth 
with the normal mode formalism. 
We extend the work of Rundle [1980, 1981 ] to include the case 
of strike-slip faulting in an elastic- gravitational ayer overlying a 
viscoelastic-gravitational half-space. The viscoelastic region must 
possess instantaneous elastic properties. We also assume small 
perturbation strains which imply that materials in the viscoelastic 
region obey linear-constitutive laws. Furthermore, a Maxwell 
rheology is assumed, which implies that the viscoelastic region 
behaves as an elastic solid over short time periods and as a 
Newtonian fluid over long timescales. 
We include gravitational effects in our calculations. For 
deformation at the surface of an elastic half-space, gravitational 
effects become significant over wavelengths greater than 1000 km 
[Rundle, 1980] but has little relevance to the near-field 
deformation for a vertical strike-slip fault because vertical 
displacements are insignificant. In viscoelastic models, stresses in 
some regions of Earth decrease as flow occurs: the initial elastic 
stresses induce flow in the medium, generating a change in the 
displacements and gravitational stresses as a result. Equilibrium is 
eventually attained between the gravitational and elastic stresses 
in the flowing region. However, for a vertical strike-slip fault, 
gravitational effects are insignificant in the near-field, and the 
inclusion of gravitational effects is important only in cases of non 
vertical dip angle. 
In this paper, surface displacements following a dipping 
strike-slip faulting are modeled using Green's functions. The 
solutions for the elastic-gravitational problem are computed, then 
the correspondence principle, which relates the elastic- 
gravitational solution to the Laplace-transformed viscoelastic- 
gravitational solution, is applied. Finally, the Green's functions 
are integrated over the finite source region to obtain the time 
dependent, near-field displacements. 
To show an example of using our model, a comparison between 
calculated results and the Global Positioning System (GPS) 
measurements of the Landers earthquake is made. The magnitude 
and decay pattern of survived data fit the result derived from this 
model, although the relaxation times obtained are considerably 
shorter than those found in previous studies of viscoelastic 
rebound [e.g., Thatcher and Rundle, 1984]. However, $hen et al. 
[1994] do find the same relaxation period in all the GPS baselines 
measured shortly after the Landers earthquake. The difference in 
these two findings may be caused by various relaxation 
mechanisms in diverse regions. 
where u is the perturbed displacement vector in the deformed 
cylindrical coordinate system (r, O, z), q• is the gravitational 
potential in this coordinate system, er, e& and e z are the unit 
vectors, o' is Poison's ratio, PO is the density, and/a is the rigidity. 
Rundle [1981] found that for displacements resulting from a 
dip-slip event in a layered elastic-gravitational medium, self- 
gravitation effects arising from the nonzero values of G O , the 
gravitational constant, were generally much smaller than 
gravitational effects relating to the surface acceleration g. As z 
-->+0% all perturbed quantities are presumed to tend to zero, so 
setting G O = 0 implies 4 is constant. Making use of this, Rundle 
[1981 ] used the equation 
v2u+ VV.u+Pøgv(u.e,)- PøgezV.u=0. (3)1-2o g p 
Using the vector base, 
Pm = erJm ( kr)exp( im0 ) (4a) 
B ( 0 e 1 0--•)(kr xp(i 0) = r + e0 j )e rn m Ok r • m (4b) 
( 1 O 0--•--•-r) (kr) p(im0) C m = • .•-er - e0 Jm ex (4c) 
where drn(kr) a e cylindrical Bessel functions, i = x/-1 and k
corresponds to the wave number in dynamic problems [Ben- 
Menahem and Sing& 1968], we can expand u in (4a) -(4c): 
t• = Z kdk[Wm(z) Pm +Um(z) Bm + Vm(z)Cm] ' 
m=00 
The solution given by l'm(Z ) is not considered further here as it is 
identical to the solution in the nongravitating case. Urn(Z) and 
Wrn(z) are given by Rundle [1981]: 
Um(z)) ( 1 1 a'z ( i )1 +k(p•(k) ) + (p•ik))e-a2z(6) W m(z)) = Pt(k e+Pi- k e-a'z 1 ea2Z
where 
+ a 1 = + k 2 + kr I
+ a2 = + k 2 - kq 
1 - 2• Pog 
-20 o)' - p 
krl •" 1 + ,•'- p•:(k) = +l- (aj+ k) aj- k•"' 
(7) 
Solution to the Infinite Space Problem 
The equations to be solved [Love, 1911] are: 
where, j=l, 2. The gravitational wave number kg found by setting 
a2(k) = 0 is defined as 
V2u+ 1 
1-2o P0g ( ) P0 P0 gW-u+ V u.e z -•V4•- ezV.u=0 (1) 
V24• =-4xP0G0 V .u (2) 
kg =n•]-•. (8) 
For k < kg, a2 is purely imaginary, and for k > kg, a2 is real. 
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Solution to the Layered Half-Space Problem 
Rundle [ 1980] used a polar coordinate system (r, O, z) and the z 
axis oriented down into the medium at the surface of a layered, 
elastic-gravitational half-space. The elastic module in the nth layer 
are denoted by )•n and gn and the density by On The solution in the 
nth layer is given by 
u n = kdk u m 
m=0 
where unm is given by 
Pm n B + znC n = xn + Ym m m rn Ur  m ß (lO) 
The kernel functions x m, Ym, Zm are 
n _c_kz _ + ekZA + -a z Xm = Amn mn+ Pie 1 B•nn 
a2z D _ z + p[ealZB•nn + kp•e- mn + kP• ca2 nmn (11a) 
-alz _ alZB+ n -kZA•nn mn mn mn Ym = e + ekZA + + e B + e 
-a2z _ a z + ke Dmn + ke 2 D + (11b) mn 
n _. e-kZc- + ekzc + Zm mn mn ß (11c) 
The same formulation is applied to the stresses across the layer 
boundaries to obtain similar expressions for the normal tractions 
across a plane. 
As can be seen from (11 a) - (11 c), the problem can be divided 
into two separate parts, the "R" problem (that includes the x nm and 
yn m terms) and the "L" problem (that includes the znm terms). The 
solutions to these problems are given by Rundle [1980 equations 
88-96]. 
Source Functions 
The source functions D m for the six elementary displacement 
dislocation sources have been derived by Ben-Menahem and 
Singh [1968]. In the notation of Singh [1970], O'k) refer both to the 
direction of the force system and the normal to the plane across 
which it is applied. For a fault plane inclined at an angle Tto the 
horizontal 
(jk) = (1,2)cosq• + (3,1)sinq• (12) 
with each component given by 
(jk)=(1,2) (D2)4 =[t¾i (D2 L)2 = 2[ty 
( jk ) = ( 3,1 ) ( D1 )2 = 2¾ (D{ • )1 = -2¾i. (13) 
Here y = AUdZ/4•r, AU is the relative displacement across the 
fault plane, and d• is an element of area on the fault. 
Hence we have two different source function contributions to 
the strike-slip problem, both describing a shearing component 
(rn=l,2). Using (9) and (10) and summing these two 
contributions, the displacement at the surface may be written 
u= lkdk{[x•(0)P2+y[(0)B 2+z•(0)C2]cosq• 
0 
+ [xl(0)P1 + yl (0)B 1 + z• (0)Cl]sinw } (14) 
Substituting (4a)-(4c) for Pro, Bin, and Cm, replacing e iraø and 
ie iraø by costoO and-sintoO, respectively, to obtain the real part 
and splitting the displacement vector into its three components, 
we obtain 
Ur= Ikdk{[+yl (kr)+ zl (0)(•r)J 1 (kr)]cos0cosq• 
0 
-[y•(0 )(•kr )J 2(kr)+ +z•(0 )( kA7)J 2 (kr)sin 20 sin W} '(15) 
u0 =-lkdk yl (0) J1 (kr)+ z I (0) J1 (kr) sin0cosw 
0 
[(2) 1 z• (0 •3-•)J2 (kr)]cos 20 sin W} (16) + y[(0) • J2(kr)+ 7 
Uz =-lkdk{ {xl (0)h (kr)sin0sinw-x[ (0)J2 (kr)sin20cosw } (17) 
0 
Equations (15) to (17) give the solution to the elastic- 
gravitational problem of a point nucleus of strike-slip in an 
elastic-gravitational layer over an elastic-gravitational half-space. 
Introduction of Viscoelasticity 
After the elastic Green's functions are computed, the 
correspondence principle of linear viscoelasticity is applied. This 
requires that the elastic quantities )• and g in each component of 
the elastic solution (each here represented by u(t)) be replaced by 
their Laplace-transformed quantities s•(s) and s•(s) to obtain 
•(s), whe?e the bar signifies the Laplace-transformed quantity 
and sis the parameter conjugate to ime. The •(s) is then inverted 
to give Uv(t), the solution to the viscoelastic problem. The 
technique used to perform the inversion involves the Prony series, 
where the function Uv(t ) is approximated by a function Uv*(t ) 
comprised of a series of decaying exponential. Following 
Schapery [1961 ] and Cost [1964], we set 
N _t/ri , uv(t)= •Airi(1-e )= uv(t ) (18) 
i=1 
where m means approximately equal to, in the least squares ense, 
{ r0' } are a set of N relaxation times, and the A i are a set of 
unknown constants that can be determined by a least squares 
method. The { r0' }was et equal to {0.5Xa, x a, 5x a, 10Xa• 50x a, and 
100Xa} where x a, the characteristic relaxation time, is defined by 
r a = 2r///• and r/is the viscosity of the Maxwell fluid and/• is the 
elastic modulus. This approximation method has the advantage of 
smooth time domain results in the time interval required and 
involves as few function evaluations as possible. The error 
obtained using the numerical method is thus minimized. The 
Uv*(t ) can then be integrated over the source r gion to obtain the 
required solution. 
Results 
Postseismic viscoelastic deformation was calculated over 
timescales of 0 to 4x a. Effects due to the inclusion of gravity and 
from the variation of the fault parameters/• (L•tme parameters of 
elastic layer and viscoelastic half-space), D (depth of the fault), W 
(width of the fault) and • (dip angle) (Figure 1) are studied. Note 
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Layer 
ll 
11alf-space 
Figure 1. Geometry and coordinate system for a rectangular, 
dipping fault plane in an elastic-gravitational layer over a 
viscoelastic-gravitational h lf-space. H is the thickness of the 
layer, D is the depth of the fault, 2L is the along strike length, W is 
the downdip width, and • is the dip. 
that Figures 2 and 3 illustrating postseismic displacement with and 
without gravitational effects for a vertical strike-slip fault have 
very similar patterns of displacement but are different in 
magnitude for the horizontal components in the far field, X= 200 
km, which are consistent with Rundle's [1981] results. 
Displacements in the non gravitational case have magnitude about 
one sixth the size of calculations with gravity. The amplitude of 
the postseismic deformation field changes somewhat as the 
magnitude of #h (Lfime parameter of half-space) and #l (Lfime 
parameter of elastic layer) is increased by a factor of 10 (Figure 4). 
The postseismic Uy (displacement perpendicular to the strike of 
the fault) decreases in the vicinity of the fault, and the postseismic 
U x (displacement parallel to the strike of the fault) decreases inthe 
amount of 20% for a vertical strike-slip fault profiled at far field, 
X- 200 km. 
The case of a vertical strike-slip fault that ruptures the entire 
elastic layer (W/H= 1) is shown in Figure 2. The predicted 
coseismic and postseismic deformation is the largest in the region 
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Figure 2. Surface horizontal deformation against distance normal to a strike-slip fault ruptures the entire elastic 
layer. Model parameters a e H: 30 km, 2L= 200 kin, Pl: Ph = 3.0 g/cm3 , #l = #h = Al= Ah= 3x 1010 Pa, (subscript 
l denotes the elastic layer subscript hdenotes the viscoelastic half-space), D/H: O, W/H= 1, • 90 ø. The coseismic 
response i  calculated using an elastic half-space where •t= •,: 3x1010 Pa. The horizontal dashed line is the elastic 
layer half-space boundary, and the thick vertical ine represents he fault plane geometry. The solid curve is the initial 
elastic response, and the dashed curves represent the deformation due to viscoelastic stress relaxation after 1Xa and 
4x a. Each displacement profile has been evaluated at 100 km away from the end of the fault (X=200 km). 
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Figure 3. Surface horizontal deformations for vertical strike-slip fault without gravitational effect; the rest of the 
parameters are the same as Figure 2. 
closest o the fault plane and decreases as the observation point 
moves away from the source. The maximum viscoelastic 
displacement (Uy) occurs at a distance oftwice the elastic layer 
thickness, in agreement with Cohen and Kramer [1984], and 
migrates outward with elapsed time. This phenomena reveal the 
important finding of Cohen and Kramer [1984, p.735] and Lehner 
and Li [1982], "the surface deformation pattem is most sensitive 
to the rheology of the material that lies below the slip plane in a 
volume whose extent is a few times the fault depth". 
Displacements perpendicular to the fault (Uy) are positive on both 
sides of the vertical strike-slip fault (Figure 2), but the parallel 
displacement (Ux) is positive on one side, and negative on the 
other, in both the coseismic and postseismic intervals. The 
maximum viscoelastic displacement (Ux) occurs at a distance 
about 3 times the thickness of the elastic layer and also migrates 
outward with time. Burying the strike-slip fault changes both the 
magnitudes of displacement, and the pattern. When the fault 
ruptures the bottom half of elastic layer (Figure 5), the maximum 
coseismic Uy is located atabout 3 times the thickness of the elastic 
layer away from center. The same width of fault ruptures the top 
half of the elastic layer (Figure 6) and produces the maximum 
elastic deformation at the center of fault, but the postseismic 
displacements have a longer wavelength. Response amplitude of a 
surface fault is about 20% larger than a buried fault at both 
directions. When the dip angle of the fault is other than vertical, 
both the coseismic and postseismic displacement patterns change 
(Figure 7). For a 30 ø dipping strike-slip fault in the far field, Uy 
has a maximum positive postseismic displacement in the region 
close to the fault and negative displacement on the upper block for 
distances greater than 6 times the thickness of elastic layer, similar 
to the coseismic Uy in this region. Meanwhile, the coseismic Uy 
remain positive on the lower block, and U x shows very little 
postseismic displacement in the region near the fault. At a distance 
roughly equal to the elastic layer, postseismic displacements have 
an opposing sign to the coseismic displacements on each side of 
the fault. Behavior of the displacement field is mainly controlled 
by the locations of the profile, within the fault plane or beyond the 
fault tips, and dipping angles. The displacement fields will 
migrate as time elapses, but they do keep a similar pattern at 
various intervals. Thickness of the elastic layer (H), affects the 
3204 YU ET AL.' DEFORMATION DUE TO STRIKE-SLIP FAULT 
lO 
5 
o 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
-10 
-400 
Horizontal strike-slip fault (X=200, 0=90 ø) 
Gravitational 
_ 
_ 
I i I I 
-200 
i I I I 
0 200 
y(km) 
#h = #l = 3x1011Pa 
__" 
.............. 1Ta 
_ 4-r 
_ • Coseismic 
_ 
-10 • 
-400 -200 
I i I 
0 200 
y(km) 
4OO 
4OO 
Figure 4. Surface horizontal deformations for larger Lfirne parameters at both elastic layer and viscoelastic half- 
space, (#l = #h = 3x 1011 Pa); the rest of the parameters are the same as Figure 2.
locations with extreme displacement at the surface. The inclusion 
of gravity and changing the shear modulus will affect the 
magnitude only, not the displacement pattern. 
Figure 8 shows the spatial patterns of displacement in map 
view. The maximum viscoelastic displacement after 4x a is about 
one fifth the size of the maximum coseismic displacement, and the 
location of maximum displacement clearly migrates away from 
the fault as time elapses. A clockwise pattern of motion is found at 
the fault tips in postseismic displacement fields. 
For a vertical strike-slip fault, the magnitude of the vertical 
postseismic displacement field is negligible fraction of the 
coseismic displacement, and the pattern of vertical displacement is 
very similar to the parallel displacement Ux(Figure 9) for a profile 
across the edge of the fault (X-100 km). Magnitudes of the 
coseismic vertical displacement a the center of the fault increased 
by 7 times when the dip angle changed from vertical to 30 ø, and 
the viscoelastic displacement becomes 200% in magnitude of 
coseismic displacement. The inclusion of gravity changes the 
vertical postseismic displacement of he dipping strike-slip fault, 
although t e absolute values are still negligible compared tothe 
horizontal displacement. 
Test Case: Landers Earthquake 
As an example application, we fit a sample of the postseismic 
displacements for the Landers earthquake. While the usual 
method is to model their displacements by postseismic slip, it is 
instructive to try explaining them via viscoelastic relaxation. 
We use baselines from station 7000 to 7001 and DS10 to 
WIDE from the Landers earthquake network (Figure 10). The 
reason for choosing these baselines is that 7000-7001 crosses the 
surface rupture of the main shock, and baseline DS10-WIDE 
covers most of the surveyed region. $hen et al. [1994] used the 
velocity model of southern California to construct " he prior 
correction" toremove the displacements due to tectonic processes. 
In their model, the prior correction for the baseline 7000-7001 is 0 
for the east component, and 0.4 mm/yr for the north. The 
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Figure 5. Surface horizontal deformations for a buried vertical strike-slip fault, D/H= 0.5, and W/H= 0.5. (D is the 
depth of fault, H is the thickness of elastic layer and, W is the width of the fault.) 
correction for baseline DS 10-WIDE is 6.9 mm/yr for east and -3.8 
mm/yr for north component. We test the hypothesis that during 
the measuring period, 200 days after the main shock, viscoelastic 
displacement caused by the main shock could be the primary agent 
for the changes of baselines. The GPS data were fit and shown in 
Figures 10a and 10b. The parameters used in this computation are 
derived from Shen et al. [1994]: 10 km for the elastic layer 
thickness, 42 km for the length of the fault, a dip angle of 90% and 
an average dislocation of 1 m over the entire ruptured fault zone. 
The relaxation time is 34 days, which is considerably shorter than 
the years-to-decades normally found for postseismic relaxation 
[e.g., Thatcher and Rundle, 1984]. We found a reasonable 
agreement between model and data. We also note that our results 
are not unexpected, as postseismic slip and viscoelastic relaxation 
are well known to give similar spatial pattern [e.g., Savage, 1983]. 
However the 34 days relaxation time (rl=6x1017 P) is very short 
compared to times found in previous works, 2.5 to 20 years [e.g. 
Nut and Mavko, 1974; Spence and Turcotte, 1979]. This could be 
due to transient effects after the main shock or to the existence of a 
weak "intra-crustal layer" as proposed by Turcotte et al. [1984]. 
They proposed a depth for this layer of 10-12 km in southern 
California, which matches well with our model. In the Turcotte et 
al., [1984] model, the stresses can relax in this layer due to the 
presence of quartz or mobile pore fluids. More evidence is needed 
to distinguish the relaxation mechanism from these two possible 
sources in this case. 
Simulating the Earthquake Cycle 
We have constructed a model for the earthquake cycle using 
the model described by Savage and Prescott [1978] to calculate 
the components of deformation (U x, Uy, or Uz) measured at ime t 
after the most recent earthquake: 
N 
u{_x, t) =-w•(x, oo)t/T + w•(_x,t) + Z{w•(_x,t + nT)-[w•(_x, nT)]}
n=-I 
0<t<T (19) 
3206 YU ET AL.: DEFORMATION DUE TO STRIKE-SLIP FAULT 
4 
-4 
-400 
Horizontal strike-slip fault (X=200, 0=90 ø) 
[ I ] ' ' 
Gravitational 
I • • • I [ , ] I [ , • 
-200 0 200 
y(km) 
400 
-2 
-4 I I 
-400 -200 0 200 400 
y(km) 
30 
Figure 6. Surface horizontal deformations for a surface vertical strike-slip fault ruptures the top half of the elastic 
layer, D/H= O, and W/H= 0.5. 
where w(x,O represent a component of the deformation field, 
Wl(X, oo)/T is the response to a steady motion of long duration, 
W l(X,t ) is the postseismic deformation due to the most recent 
event, and the last term is the viscoelastic contribution from 
previous events. This model represents elastic plates driven with 
constant relative velocity V locked to a depth D between 
earthquakes, having N prior events reoccurring at uniform interval 
T. 
Most of the attempts to model the time-dependent ectonic 
phenomena fter earthquakes used two-dimensional models [e.g. 
Nur and Mavko, 1974; Savage and Prescott, 1978; Thatcher and 
Rundle, 1984] or simple layer and half-space solutions [e.g. 
Rundle and Jackson, 1977; Cohen, 1980a, b]. Two-dimensional 
models assume an infinite long fault, neither the effects in the 
region beyond the fault tip nor the inclusion of gravity cannot be 
described. However, in this paper we show that there are 
significant effect in the region beyond the fault tip, and inclusion 
of gravity also affects the surface displacement field for strike-slip 
events. For comparing our model to the 2D simplified model, the 
same parameter settings was considered to generate a single 
earthquake cycle with duration T0=I, D/H=0.5 [e.g. Savage and 
Prescott, 1978, Figure 4]. The results of our model are shown in 
Figure 11 a, the results of the 2D model are shown in Figure 11 b, 
and time-dependent displacements obtained by finite element are 
shown in Figure 11 c [e.g. Cohen, 1982, Figure 2] for comparison. 
The major difference between our 3D and 2D model is the decay 
of displacement as it moves away from fault. In the 2D model, the 
fault paralleling displacement (Ux) is zero in infinite distance 
away from fault but shows almost constant in the region closer 
than 5 times thickness of the elastic layer. On the other hand, the 
analytic (Figure 11 a) or finite element solution (Figure 11 c) shows 
a dramatic decay in both the coseismic and postseismic intervals. 
Besides the difference in decay pattern, the 2D model did not 
consider the gravity, finite fault length, various dip angles, and 
more realistic rupture plane. The rupture source used in the 2D 
model either is skew or edge dislocation, which caused the 
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discontinuity in slip at depth D. Therefore our detailed, three- 
dimensional time-dependent model is necessary for the 
interpretation of high accuracy geodetic measurements. 
To sketch the viscoelastic displacement caused by the cyclic 
earthquakes during various time intervals, we set the recurrence 
times equal to lxa and 100Xa on Figures 12 and 13, respectively. 
The relative plate velocity V=U/T, where U is the dislocation on 
the fault for each earthquake. As we expect, the plate motion 
dominates the accumulated viscoelastic displacements for all 
events at short recurrence time intervals (Figure 12). When T 
becomes 100 times the relaxation time (Figure 13), a "1ooping" 
pattern of displacement is found near the fault, caused by the 
change ofaccumulated viscoelastic displacements in direction Uy. 
For the long recurrence time intervals obtained by setting 
T=100Xa, the "1ooping" pattern migrates out from the fault as time 
elapses (Figure 13). This pattern thus serves as a time index for the 
various stages of a long recurrence interval of cyclic strike-slip 
earthquake. 
Summary and Discussion 
A previous method is extended to calculate the postseismic 
surface displacements resulting from slip on a strike-slip fault in 
an elastic layer overlying a viscoelastic half-space. The effects of 
gravity are found to produce minimal differences in the 
displacement fields near the fault. At larger distances away from 
fault, the presence of gravity significantly changes the horizontal 
displacement due to a vertical strike-slip fault. For vertical 
displacement due to a dipping strike-slip fault, gravity influenced 
the magnitude as much as 40%. In addition, by inverting the 
geodetic measurements acquired after major earthquakes, we can 
find better constrains for the viscoelastic properties of 
asthenosphere with this detailed 3D model. We also found that 
burying the strike-slip fault changes both the magnitude and 
pattern of displacement field in our model. It suggests that it is 
possible to determine whether a fault extends completely or 
partially through the elastic layer by an inspection of the pattern of 
3208 YU ET AL.' DEFORMATION DUE TO STRIKE-SLIP FAULT 
300 
200 
'g 
•- 0 
ß • -lOO 
-200 
-3OO 
Displacement for strike-slip fault 
I ....... , , I ,, , , , , , , , I , , , , , ,, , , I, •, , , , , , , I , , ,- 
200 - 1 O0 0 1 O0 
Distance along strike of the fault 
Coseismic Displacement 
300 
200 
'g 
o 
'- 0 
ß -• -100 
-200 
-300 
- 
- 
- 
- 
-- 
-- 
-- 
, , , , I , , , , , , , , , I , , , , , , , , , I , , , , , , , , , I , • • , , , , , , I , , , 
-200 -100 0 100 200 
Distance along strike of the fault 
Time = 4•. 
Figure 8. Map view of (top) coseismic and (bottom) postseismic displacement withhe same parameters as Figure 2, 
thick line at center of the map represents the fault. The maximum displacement n ar the fault is 4.86 cm in the top 
panel. The postseismic d splacement at time equal to 4x a is shown, and the maximum displacement at far field is 0.97 
cm in the bottom panel. 
YU ET AL.: DEFORMATION DUE TO STRIKE-SLIP FAULT 3209 
0.020 
0.010 - 
-- 
-\ 
--, 
',\ 
- , 
0.000 
. 
-- 
-0.010 - 
-- 
-- 
-0.020 - 
-400 
Uz strike-slip fault (0=30 ø) 
I I I 
\ 
\ 
/ 
/ 
/ 
'- -- -- ' Cos½ismic 
.............. t:3•, Nongravitational 
t:3, Gravitational 
-200 0 200 
y(km) 
4OO 
Figure 9. The vertical displacement due to a 30 ø dipping strike-slip fault, both the postseismic displacements with 
and without gravity are shown. 
coseismic and postseismic deformation fields. However, to serve 
such a purpose, a highly accurate geodetic observation and 
detailed tectonic structure model for the target region is required. 
The boundary conditions contained in the present version of 
the model, however, do not account for data that are affected by 
repeated events. The method appropriate to these circumstances i  
outlined by Savage and Prescott [1978], and the application of 
this will form a particularly valuable tool for interpreting observed 
geodetic surface deformation in areas of active strike-slip faulting 
and for forward modeling at transform faults. The 2D model by 
Savage and Prescott [1978] is constructed with an infinite long 
vertical strike-slip fault, and the time and dip angle dependent 
postseismic Ux and Uy found in this study cannot be modeled with 
the simplified 2D model. However, the model we have 
constructed has no such limitation: the influence of fault 
parameters, time constraint, and numbers of the previous event 
can be modeled. 
As with all layered viscoelastic calculations, our model 
predicts the presence of a long wavelength component in the 
postseismic deformation field following a single event that 
migrates with time. This result is also seen in models with 
continued slip at depth in an elastic half-space [Savage, 1983], 
however, in those cases, the after-slip time function must be 
assumed. One possible distinction between these two models lies 
in the analysis of the distribution of observed deformation with 
time. Here we demonstrate a nonlinear spatial variation of 
displacement with time. For a similar distribution of 
displacements to occur using the continued slip at depth 
hypothesis, a fault continually evolving in depth (to fit the 
magnitude), downdip width, and angle (to fit the pattern) would 
have to be incorporated into the model. Data sets of sufficiently 
high quality are now becoming available, presenting the 
possibility of discriminating between these two ideas. If a 
difference can be detected, this will lead to a better understanding 
of the physical processes responsible for strike-slip faulting. The 
good fit between calculated results and GPS measurements of the 
Landers earthquake suggest that viscoelasticity may be an 
important factor for strike-slip events, just as it as for dip-slip 
events. 
Vertical viscoelastic displacements are insignificant compared 
to coseismic displacements, but the horizontal coseismic and 
postseismic displacements have roughly the same magnitude. 
Finally, earthquake cycle models can be constructed such that, in 
certain circumstances (i.e., T >> x a ), they provide a means of 
identifying in what stage of the earthquake cycle a given fault 
system occurs. 
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